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0RQLWRULQJV\VWHPVFDQEHGLYLGHGLQWRZDUQLQJVFLHQWLILFDQGPL[HGV\VWHPVZKLFKFRPELQHWZRILUVWV\VWHPV7KH
PRQLWRULQJRIWKHODUJHVWDQGPRVWLPSRUWDQWXUEDQEXLOGLQJVDUHXVXDOO\PL[HGLQVWDOODWLRQVZKLFKDUHWKHEDVLVIRU
GDWDDFTXLVLWLRQDERXWVWUXFWXUHVDQGPDWHULDOV
:DUQLQJV\VWHPV
7KH V\VWHPV ZDUQLQJ DERXW SRRU WHFKQLFDO FRQGLWLRQ EHFDPH SRSXODU LQ 3RODQG DIWHU WKH WUDJLF FUDVK RI WKH
H[KLELWLRQKDOOLQ.DWRZLFHLQ)LJZKHQSHRSOHZHUHNLOOHGDQGZHUHLQMXUHG>@
 
)LJ([KLELWLRQKDOOLQ.DWRZLFHDIWHUFDWDVWURSKH>@
,WZDVWKHPRVWWUDJLFRFFXUUHQFHRIWKLVNLQGLQ3ROLVKKLVWRU\7KHFRPPLVVLRQLQYHVWLJDWLQJWKHFDXVHVRIWKH
GLVDVWHUIRXQGWKDWWKHKDOOKDGFROODSVHGGXHWRWKHVQRZRYHUORDGRQWKHURRI)DWDOGHVLJQPLVWDNHVDQGLPSURSHU
PDLQWHQDQFHRIWKHIDFLOLW\ZHUHDOVRDPRQJWKHFDXVHV6KRUWO\DIWHUPRQLWRULQJRISXEOLFXWLOLWLHVZDVUHTXLUHGLQ
3ROLVKODZ3XEOLFXWLOLWLHVLQWKLVFDVHDUHVSRUWVDQGHQWHUWDLQPHQWDUHQDVVKRSSLQJFHQWUHVVWDGLXPVHWF
7KHUH DUH VHYHUDO FRPSDQLHV FDUU\LQJ RXW PRQLWRULQJ RI IODW URRIV RIIHULQJ V\VWHPV ZLWK YDULRXV GHJUHHV RI
VRSKLVWLFDWLRQ)URPPHDVXULQJVLQJOHSK\VLFDOTXDQWLWLHVWRFRPSOH[LQVWDOODWLRQVFRQQHFWHGZLWKDOJRULWKPXVHGWR
DVVHVVWKHEHKDYLRXURIWKHZKROHVWUXFWXUH1RWZLWKVWDQGLQJWKHQHHGWRHQVXUHVDIHW\DGPLQLVWUDWRUVRIWHQFKRRVHWR
LQVWDOOPRUHDGYDQFHGPRQLWRULQJV\VWHPVHQFRXUDJHGE\WKHSRVVLELOLW\WRPLQLPLVHH[SHQVHVIRUVQRZUHPRYDOIURP
WKH URRI 7KH DSSOLFDWLRQV LQFOXGHGZLWK WKLV W\SH RIPRQLWRULQJ XVXDOO\ FRQWDLQV VRPH SUHGHWHUPLQHG OHYHOV RI
LQIRUPDWLRQDERXWVWUXFWXUH
VHIIRUWHJQRUPDORSHUDWLRQVQRZUHPRYDOIDLOXUHZDUQLQJ
'HIOHFWLRQRUGHIRUPDWLRQRIVHOHFWHGHOHPHQWVDUHXVXDOO\PHDVXUHG,QLQVWDOODWLRQVIRUFRPPHUFLDOSXUSRVHWKH
DSSURSULDWHQXPEHURIVHQVRUVDQGWKHLUORFDWLRQRQWKHURRIDUHLPSRUWDQW$JRRGVROXWLRQLPSURYLQJWKHUHOLDELOLW\
RIWKHLQVWDOODWLRQLVWRGRXEOHVHQVRUVLQWKHSDUWLFXODUPHDVXULQJSRLQWV,QVWDOODWLRQVKRXOGEHSUHFHGHGE\DWKRURXJK
DQDO\VLVRIWKHVWUXFWXUHDQGDIWHUWKHLQVWDOODWLRQFDOLEUDWLRQDQGYHULILFDWLRQDUHQHFHVVDU\E\DSSO\LQJDSSURSULDWH
PDVVDQGFRQGXFWLQJDWULDOPHDVXUHPHQWWHVWORDG
0RQLWRULQJDVWKHVRXUFHRILQIRUPDWLRQDERXWVWUXFWXUH
%ULGJHVZHUHRQHRIWKHILUVWVWUXFWXUHVHTXLSSHGZLWKWKHFRQWLQXRXVPRQLWRULQJV\VWHPV2QWKHODUJHVWEULGJHV
ZKLFKDUHXVXDOO\WUHDWHGDVDSURWRW\SHRUDUHRISDUWLFXODULPSRUWDQFHV\VWHPVZLWKZDUQLQJDQGVFLHQWLILFIXQFWLRQV
DUHPRVWIUHTXHQWO\LQVWDOOHG7KHH[DPSOHLVWKH$NDVKL.DLN\R%ULGJHFRPSOHWHGLQ,WLVDEULGJHZLWKWKH
ODUJHVWPDLQVSDQLQWKHZRUOG%HVLGHVDOHQJWKUHFRUGWKHREMHFWKDVDQXQXVXDOGHVLJQZLWKGDPSHUVSODFHGLQWKH
S\ORQV,WZDVEXLOWLQH[WUHPHO\GLIILFXOWWHUUDLQH[SRVHGWRWKHLQIOXHQFHRIVHLVPLFDQGW\SKRRQVDFWLRQV2QHRIWKH
HDUWKTXDNHVIURPZKHQWKHEULGJHZDVVWLOOXQGHUFRQVWUXFWLRQFDXVHGWKHGLVSODFHPHQWRIWHUUDLQDQGHORQJDWLRQ
RIWKHEULGJHE\PHWHULQUHODWLRQWRWKHRULJLQDOOHQJWK0RUHWKDQVHQVRUVZHUHLQVWDOOHGRQWKHEULGJHDQGWKHVH
LQFOXGHG DFFHOHURPHWHUV DQHPRPHWHUV GLVSODFHPHQW VHQVRUV DQG WKHUPLVWRUV %\ XVLQJ WKH PRQLWRULQJ WKH
IXQFWLRQLQJRIWKHVWUXFWXUHZDVFKHFNHGLQH[WUHPHO\DGYHUVHFRQGLWLRQVVXFKDVW\SKRRQ70L\DWDDHWD
2QD IHZEULGJHV LQ3RODQGDPRQLWRULQJ V\VWHPZKLFKFRPELQHG WKHZDUQLQJ IXQFWLRQZLWK WKHSRVVLELOLW\ WR
GHHSHQNQRZOHGJHZDVLQVWDOOHG2QHRIWKHEULGJHVLV5HG]LQVNLEULGJHLQ:URFODZDQGEULGJHVRYHUWKH9LVWXOD5LYHU
LQ.ZLG]\QDQG3XODZ\7KHUHDUHVHQVRUVLQVWDOOHGRQ5HG]LQVNLEULGJHZKLFKLVDUHFRUGLQ3RODQG,QVWDOODWLRQ
DOORZVWRPHDVXUHGHFNYLEUDWLRQVS\ORQDQGVXVSHQVLRQFDEOHVIRUFHVLQWKHFDEOHVDQGGHIRUPDWLRQVLQVHOHFWHG
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SRLQWV RI WKH VWUXFWXUH >@ 7KH EULGJH LQ .ZLG]\Q LV LQ WXUQ RQH RI WKH ODUJHVW H[WUDGRVHG EULGJHV LQ (XURSH
'HIRUPDWLRQRIER[VXSHUVWUXFWXUHVSDQGHIOHFWLRQVDQGKRUL]RQWDOPRYHPHQWRIS\ORQDUHPHDVXUHG>@
7KHEULGJHLQ3XODZ\LVDWKURXJKDUFKVWUXFWXUH,WZDVRSHQHGLQ,WVVSDQLQWKHD[HVRIVXSSRUWVLVP
ORQJ7KHEULGJHPRQLWRULQJFRQVLVWVRIWKUHHVXEV\VWHPVZHDWKHUYLVXDODQGVWUXFWXUDO$VRSKLVWLFDWHGREVHUYDWLRQ
V\VWHPRIZHDWKHUFRQGLWLRQVLVLQVWDOOHGRQWKHREMHFWZKHUHH[FHSWFRPPRQVHQVRUVPHDVXULQJWHPSHUDWXUHZLQG
VSHHGDQGGLUHFWLRQZHUHDOVRVHQVRUVUHFRJQL]LQJWKHW\SHRISUHFLSLWDWLRQDQGVXUIDFHFRQGLWLRQ7KHVHVHQVRUVDUH
FRQQHFWHGWRYDULDEOHPHVVDJHVLJQVWUDQVPLWWLQJLQIRUPDWLRQWRGULYHUV7KHVWUXFWXUHLVREVHUYHGE\GHIRUPDWLRQ
VHQVRUVDFFHOHURPHWHUVDQGLQFOLQRPHWHUV,QWRWDOSDUDPHWHUVDUHPHDVXUHGLQWKHDUFKDQGGHFN>@:LWK
WKHXVHRIPHDVXUHPHQWGDWDWKHUPDOLQWHUDFWLRQDQDO\VLVZDVSHUIRUPHGRQWKHVWUXFWXUH7KHJDWKHUHGGDWDUHYHDOV
WKDWH[WUHPHWHPSHUDWXUHYDOXHVPHDVXUHGLQDVWHHODUFKVWUXFWXUHUDQJHGIURP&GR&0RUHRYHUODUJH
GLIIHUHQFHVEHWZHHQWKHPHDVXUHGYDOXHVRIWHPSHUDWXUHEHWZHHQWKHDUFKDQGWKHKDQJHUVZHUHQRWLFHG
0RQLWRULQJRIWKHEULGJHLQ*OLZLFHDVDVRXUFHRILQIRUPDWLRQDERXWWKHPHDVXUHPHQWPHWKRGV
$QLQWHUHVWLQJH[DPSOHRIVWUXFWXUHPRQLWRULQJLVWKHLQVWDOODWLRQRQWKHEULGJHLQ*OLZLFH7KHWHVWHGREMHFWLVDQ
RYHUSDVVRYHUWKH.ORGQLFD5LYHUZLWKWKHIORRGDUHD7KHWRWDOOHQJWKRIWKHREMHFWLVPRUHWKDQKDOIDNLORPHWHU,W
FRQVLVWVRIVSDQVWZRH[WHUQDOPDQGLQWHUQDOP8QGHUHDFKURDGZD\VHSDUDWHVWUXFWXUHVZHUHGHVLJQHG
ZLWKDWZRJLUGHULQFURVVVHFWLRQDQGVWUXFWXUDOKHLJKWRIP)LJ


)LJ&URVVVHFWLRQDQGVWDWLFVFKHPHRIWKHEULGJHLQ*OLZLFH
,QFRQWUDVWWRSUHYLRXVO\GHVFULEHGEULGJHVWKLVPRQLWRULQJV\VWHPLVUDWKHUWKHVFLHQWLILFLQVWDOODWLRQXVHGWRYHULI\
GLIIHUHQW PHWKRGV RI PHDVXUHPHQW DQG VHQVRUV LQ ILHOG FRQGLWLRQV 7KH ZDUQLQJ IXQFWLRQ PLJKW EH DGGLQJ E\
DSSURSULDWHVRIWZDUHZKHQLWZRXOGEHQHHGHG,WLVXVHGWRGHWHUPLQHLQWHUQDOIRUFHVDFWLQJSDUDOOHOWRWKHD[LVRIWKH
JLUGHUPHDVXUHFKDQJHVLQWKHHODVWLFPRGXOXVRYHUWLPHWHPSHUDWXUHGLVWULEXWLRQLQWKHFURVVVHFWLRQRIJLUGHUFRQWURO
VXSSRUWUHDFWLRQVLQWHUPVRIZHDNIRXQGDWLRQVDQGYHULI\LQQRYDWLYHPHDVXULQJV\VWHPRIDFRXVWLFW\SH&RGD:DYH
,QWHUIHURPHWU\&:,LVWKHPHDVXUHPHQWPHWKRGZKLFKLQYROYHVWKHDQDO\VLVRIDFRXVWLFVLJQDOGLIIHUHQFHVLQWKH
VHJPHQWDQDO\VLQJSK\VLFDOFKDQJHVLQWKHWHVWHGPHGLXP.OLNRZLF]DQG6DODPDN&:,6HQVRUVZHUHLQVWDOOHG
RYHUWKHOHQJWKRIPHWHUVLQWKHPLGGOHRIWKHODVWVSDQ(DFKRIWKHHLJKWVHQVRUVFDQEHERWKDWUDQVPLWWHUDQGD
VLJQDOUHFHLYHU)LJ6XFKDUUDQJHPHQWDOORZVWKHORFDOL]DWLRQDQGLGHQWLILFDWLRQRIYHORFLW\FKDQJHVRIDFRXVWLF
ZDYHSURSDJDWLRQZLWKLQWKHILHOGOLPLWHGE\VHQVRUV,QWKHIXWXUHWKHUHVXOWVRIXOWUDVRXQGWHVWVZLOOEHFRPSDUHGZLWK
UHVXOWVREWDLQHGZLWKWKHXVHRIRWKHUWHFKQLTXHVH[WHQVRPHWHUVDQGVWULQJVWUDLQVHQVRUV
7KHUHPDLQLQJSDUWRIWKHPHDVXUHPHQWV\VWHPLQVSDQFRQWDLQVVHYHUDOVWULQJ*HRNRQVWUDLQVHQVRUVDQGWKHUPLVWRUV
)LJ7KHVHVHQVRUVDUHFRQQHFWHGLQWKUHHORJLFDOVXEV\VWHPV7KHILUVWRIWKHPVKRZQLQ)LJDV6NFRQVLVWVRI
WKUHHVWULQJH[WHQVRPHWHUVSODFHGLQWKHVHSDUDWLQJFDVLQJPDGHRISRO\VW\UHQHUHLQIRUFHGZLWKSRO\YLQ\OFKORULGH7KH
FDVLQJZLWK VHQVRUVZDV ILOOHGZLWK FRQFUHWH DQG SODFHG LQ WKH D[LV RI WKH JLUGHU LQ WKH FRPSUHVVLRQ ]RQHZKHQ
FRQFUHWLQJWKHVXSHUVWUXFWXUH)LJE
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
)LJ'LDJUDPRIPHDVXULQJV\VWHPLQVWDOOHGRQWKHEULGJHLQ*OLZLFH
'XHWRWKHLVRODWLRQIURPH[WHUQDOLQIOXHQFHVVKULQNDJHDQGWKHUPDOVWUDLQVFDQEHUHDGIURPWKHVHQVRUV$QRWKHU
SDUWRIWKHPHDVXUHPHQWLQVWDOODWLRQVKRZQLQ)LJDV1HLVGHVLJQDWHGWRGHWHUPLQHFRQVWLWXWLYHFRPSRXQGVDQG
FKDQJHVLQHODVWLFPRGXOXVGXULQJWKHH[SORLWDWLRQRIWKHVWUXFWXUH,WFRQVLVWVRIWKUHHVWULQJVWUDLQVHQVRUVLQWHJUDWHG
ZLWKVWUHVVVHQVRU)LJD7KHPRGXOXVRIHODVWLFLW\LVQRWWKHVDPHDWHDFKSRLQWRIWKHVWUXFWXUHLWDOVRFKDQJHV
RYHUWLPH.QRZLQJWKHDSSURSULDWHYDOXHRIWKHHODVWLFPRGXOXVLVUHTXLUHGWRFDOFXODWHVWUHVVHVLQWKHVWUXFWXUHZKLFK
DUHGHWHUPLQHGIURP+RRNH
VODZE\PXOWLSO\LQJWKHPHDVXUHGVWUDLQE\HODVWLFPRGXOXVRIHODVWLFLW\

D E F
)LJ'LDJUDPRIDPHDVXULQJV\VWHPLQVWDOOHGRQWKHEULGJHLQ*OLZLFH
7KH LQVWDOODWLRQ LV VXSSOHPHQWHG E\ WKUHH VWUDLQ VHQVRUV FRQQHFWHGZLWK UHLQIRUFHPHQW RI WKHPDLQ JLUGHU DQG
WHPSHUDWXUHVHQVRUVORFDWHGLQVXFKDZD\WRGHWHUPLQHLWVGLVWULEXWLRQLQWKHFURVVVHFWLRQRIWKHJLUGHU)LJ,Q
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DGGLWLRQXVLQJRWKHUFRPSRQHQWVRI WKHV\VWHPPRGXOXVRIHODVWLFLW\VKULQNDJHDQGWKHUPDOGHIRUPDWLRQVFDQEH
GHWHUPLQHG7KH WHPSHUDWXUH LVPHDVXUHGRYHU WKHHQWLUHKHLJKWRI WKHJLUGHU LQ WHQSRLQWV$OO WKLVJLYHVD ORWRI
LQIRUPDWLRQDERXW WKH VWDWHRI VWUHVVHV LQ WKLV FURVVVHFWLRQDQGFDQEHDSRLQWRI UHIHUHQFH IRUQHZPHDVXUHPHQW
PHWKRGLQ6+0&RGD:DYH,QWHUIHURPHWU\
,QGHSHQGHQWV\VWHPDUHWKHVHQVRUVLQVWDOOHGLQEHDULQJSDGV7KUHHVWULQJVWUDLQVHQVRUVDUHLQVWDOOHGLQHDFKRI
WKHP7KHVHQVRUVDUHVLWXDWHGYHUWLFDOO\DWHTXDOGLVWDQFHVIURPWKHD[LVRIORDGLQSODQ7KHLQVWDOODWLRQLVWKHODVW
VWDJHRIUHVHDUFKRQLGHQWLI\LQJDOWHUQDWLYHZD\VWRGHWHUPLQHVXSSRUWUHDFWLRQV.OLNRZLF]DQG6DODPDN
&RQFOXVLRQ
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